


NATIONAL ADVISORY COMMITI'E3 FOR AXRONAUTICS 

TECHNICAL NOTE NO. 1869 

WIND-TITNNEL IlIYVESTEATmN OF THE OPENING CBARACTWISTICS, 

DRAG, AlYD STABILITY OF SERERAL 

By Stanley H. Scher and Lawrence J. Gale 

A n  investigation has been conducted t o  determine the opening charac- 
t e r i s t i c s  of several  hemispherical parachutes a t  airspeeds up t o  200 miles 
per hour and t o  study the influence of the parachute design variables on 
these opening character is t ics .  
drag and s t a b i l i t y  character is t ics  of the parachutes were a l so  evaluated. 

The e f f ec t s  of design variables on the 

I f  Some of the parachutes blossomed" fully when opened i n  the a i r  
stream. Beneficial e f fec ts  on the parachute opening character is t ics  were 
obtained when longer shroud l ines  re la t ive  t o  parachute diameter were 
used, when the f loa t ing  hem lines were tacked t o  prevent the hem-line 
loops from pulling out under load, or when a s t r i p  of low-porosity fabr ic  
was provided around the canopy in  the area immediately above the hem 
l i n e .  The drag character is t ics  of the parachutes were not appreciably 
affected by these changes i n  design. The s t a b i l i t y  character is t ics  of 
the parachutes were affected somwhat adversely by the use 02 the low- 
porosity fabr ic  just above the hem line. For a given parachute, increased 
airspeeds generally impaired opening character is t ics ,  lowered drag coeffi-  
c ients ,  and improved s t ab i l i t y .  

INTRODUCTION 

Before some types of airplanes a r e  accepted by the Armed Services, 
the contractor is required t o  assure by f l i g h t  tests that the airplane 
w i l l  be sat isfactory i n  recovery from a spin. 
s t r a t ion  f l i gh t s ,  the airplane is usually equipped w i t h  a t a i l  parachute 
f o r  use as  an emergency spin-recovery device. 
parachutes made of silk or nylon such a s  is conventionally used i n  
personnel-type parachutes have been successfully used t o  e f f ec t  spin 
recovery both i n  f l i g h t  and w i t h  dynamically scaled-down airplane models 
i n  the Langley 20-foot free-spinning t m e l .  
parachutes has been objected to, however, on the grounds that ,  because 
of t he i r  inherent ins tab i l i ty ,  they cause dangerous pitching and yawing 
gyrations of the airplane when opened.during level-f l ight  check runs 
pr ior  t o  the spin demonstration f l i g h t s .  

During the spin demon- 

In the past, f la t - type 

The use of conventional 

Unpublished r e su l t s  of a 
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recent NACA investigation indicate tha t  a s tab le  ra ther  than a conven- 
t ional  parachute would be desirable f o r  use as an emergency spin-recovery 
device. 
noted t h a t  althou& the s t a b i l i t y  of a parachute could be improved by 
increasing the porosity of the fabric  i n  the canopy, the opening charac- 
t e r i s t i c s  of the paryhute  m i & t  be affected adversely, t h a t  is, the 
parachute might not blossom fu l ly  immediately upon being opened and 
its maximum potent ia l  drag would therefore not be obtained t o  e f f ec t  
rapid spin recovery. 

In connection with the aforementioned investigation it was 

The present investigation was made i n  order t o  obtain more infor- 
mation regarding the principal design variables tha t  influence parachute 
opening character is t ics .  A parachute manufacturer made available t o  
the NACA seven types of hemispherical parachutes f o r  t h i s  investigation. 
A feature of the design of some of the parachutes was a s t r i p  of low- 
porosity material  i n  the canopy area j u s t  above the hem l i n e  which the previ- 
ously mentioned investigation had indicated would be beneficial  t o  opening 
character is t ics .  
i n  design and an attempt was made t o  evaluate generally the e f fec ts  of 
shroud-line length, fabr ic  porosity and weight, and hem-line construction 
upon opening character is t ics .  Tests were a l so  made t o  determine the 
e f fec ts  of some of these design variables on the drag and s t a b i l i t y  
character is t ics  of the hemispherical parachutes. 

Each of the hemispherical parachutes differed somewhat 

Motion pictures of the opening character is t ics  of the parachutes 
were obtained during the t e s t s  and are  available for l o a n  upon request 
from NACA Headquarters, Washington, D. C . 

SYMBOLS 

L length of parachute shroud l ines ,  f e e t  

D projected hemispherical diameter of parachute, f e e t  

¶ dynamic pressure, pounds per square foot  

v airspeed, f e e t  per second 

P density of a i r ,  slugs per cubic foot  

S projected area of parachute, square f e e t  

cD (?I drag coefficient of parachute 
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APPARATLTS 

Wind Tunnels 

* 

3 

Tests t o  determine the opening charac te r i s t ics  of the various 
hemispherical parachutes were made i n  the Langley 300 MPH 7- by 10-foot 
tunnel, which is a horizontal ahnospheric wind tunnel. 
determine the drag and s t a b i l i t y  character is t ics  of the parachutes were 
made both i n  the Langley 300 MPH 7- by 10-foot tunnel and i n  the Langley 
20-foot free-spinning tunnel. The Langley 20-foot free-spinning tunnel 
is  a ve r t i ca l  atnospheric wind tunnel with a ver t ical ly  r i s ing  a i r  
stream. 

Tests t o  

Parachutes 

The parachutes used in  t h i s  investigation had Prgfomed hemispheri- 
The construction and dimensions of the parachutes as 

The porosi t ies  given f o r  the material  i n  the parachutes 

c a l  canopy shapes. 
wel l  as the porosity and weight of the canopy fabrics  are shown i n  
figures 1 t o  7. 
were obtained f r o a  the manuf'acturer and are  presented a s  the cubic f e e t  
of a i r  tha t  w i l l  pass through 1 square foot  of the cloth per minute 
under a pressure of 1/2 inch of water. 
i n  the figures indicates the approximate weight of 1 square yard of the 
cloth.  The parachutes were constructed with f loat ing hem l ines  (See 
f i g .  8 . )  During many of the t e s t s ,  the hem l ines  were tacked ( f i g .  9) 
t o  prevent the hem-line loops from pulling out and thus d is tor t ing  the 
parachute shape during opening. 

The weight of the nylon presented 

METHODS AND TESTS 

For t es t ing  the opening character is t ics  of the parachutes i n  the 
Langley 300 MPH 7- by 10-foot tunnel, the packed parachute with i t s  
towline was fastened t o  a cable which i n  turn was fastened t o  the tunnel 
balance scale.  When an airspeed of about 200 miles per hour was 
attained, the pack was opened from outside the tunnel by pulling a chord 
attached t o  a pin which held a canvas restraining wrapger on the para- 
chute pack. The ensuing action of the parachute was then observed and 
motion pictures were made of the t e s t s .  A p ic to r i a l  sketch of an open 
parachute i n  the Langley 300 iW 7- by 10-foot tunnel is  presented in 
figure 10. 

For the parachutes which blossomed f u l l y  when opened i n  the 
Langley 300 MPH 7- by 10-foot tunnel, drag-force measurements were 
made f o r  an airspeed of 200 miles per hour. 
free-spinning tunnel, the drag of the parachute was determined from f ree  
t e s t s  during which the fu l ly  blossomed parachute supported a small 
spherical  weight in the ver t ica l ly  r i s ing  a i r  stream. 
parachute was then taken t o  be equal t o  the sum of the weight of the 

In  the Langley 20-foot 

The drag of the 
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parachute and the suspended wei&t. 
were based on the projected area of the hemispherical canopies. 
tunnel airspeed during these t e s t s  was  approximately 17 miles per hour. 

The drag coefficients calculated 
The 

The s t a b i l i t y  of each parachute which blossomed fu l ly  a t  200 miles 
per hour in  the Langley 300 MPH 7- by 10-foot tunnel was determined by 
observing its behavior a t  t h i s  speed. 
chute w a s  determined a t  a speed range of 30 t o  46 miles per hour f o r  
the fu l ly  blossomed parachutes which were fastened t o  a horizontal bar  
i n  the Langley 20-foot free-spinning tunnel. 
chutes which alined themselves with the L r  stream or  which inclined no 
more than a few degrees (30  or  40) from the a i r  stream a n i  did not 
o sc i l l a t e  w e r e  considered s table .  

Also, the s t a b i l i t y  of each para- 

A t  a given airspeed, para- 

RESULTS AND DISCUSSION 

The r e su l t s  of the investigation t o  determine the opening and 
s t a b i l i t y  character is t ics  of the parachutes a re  presented i n  table  I. 
All parachutes which blossomed fu l ly  or even opened t o  a pear shape 
withstood the force of the a i r  a t  200 miles per hour without tearing. 
The r e su l t s  of drag measurements a re  shown i n  figure 11. 

Parachute Opening Characterist ics 

Effect of shroud-line length.- Parachute 1 did not blossom t o  a 
hemispherical shape when the pack was opened a t  208 miles per hour but  
ra ther  opened t o  a pear shape. 
a s  did parachute 1 i n  sp i t e  of the f a c t  that parachutes 2 and 3 were 
constructed with low-porosity fabr ic  in the canopy area j u s t  above the 
hem l i n e  ( f igs .  2 and 3 ) ,  which, according t o  previous experience 
(unpublished data),  should be beneficial  t o  opening character is t ics  
It appears tha t  the poorer opening character is t ics  of parachutes 2 and 3 
were caused by t h e i r  lower r a t i o  of shroud-line length t o  parachute 
diameter (1 as compared with 3 f o r  parachute 1). This r e s u l t  is  in 
agreement with unpublished Br i t i sh  data which show tha t  long shroud-line 
length re la t ive  t o  parachute diameter is desirable fo r  good opening 
character is t ics  of parachutes. 
parachutes 1 and 2 a re  presented in figure 12. 

Parachutes 2 and 3 did not open s o  f u l l y  

Film s t r i p s  showing the opening. of 

Effect of hem-1ine.tacking.- A s  previously indicated, the para- 
chutes were constructed with a f loa t ing  hem l ine ,  the operation of which 
is shown in f igure 8; parachutes 1, 2, m d  3 a l l  had t h i s  type of hem 
l i n e  wheji tes ted.  Ih an attempt t o  obtain sat isfactory opening charac- 
t e r i s t i c s  of parachutes 2 and 3 a t  200 miles per hour, the hem l ines  of 
these parachutes were tacked in such a manner as t o  prevent the hem-line 
loops from pulling out appreciably. 
tacked, the parachutes blossomed fu l l j  a t  200 miles per hour except f o r  
a s l i g h t  contraction caused by the shroud l i n e s '  pulling out small loops 

(See f i g .  9.) With the hem l ines  
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of the hem chord. 
its hem l i n e  tacked a re  presented in figure 13. 
had the hem line been tacked completely the s l i g h t  contraction of the 
parackiute would not have occurred. Because tacked hem l ines  had such a 
beneficial  e f f ec t  on the opening character is t ics  of parachutes 2 and 3, 
a l l  the parachutes subsequently tes ted were tes ted only with tacked hem 
l ines .  

Film s t r i p s  showing the opening of parachute 2 with 
It is believed t h a t  

Effect  of fabr ic  porosity.- Parachute 5 ( f ig .  3) did not open i n  
the a i r  stream a t  an airspeed of 200 miles per hour. As the airspeed 
w a s  reduced, the parachute tended t o  open a l i t t l e  but  s t i l l  did not 
open fu l ly .  The f a i lu re  of t h i s  parachute t o  open was probably due t o  
the f a c t  that the en t i r e  canopy w a s  constructed of high-porosity 
fabr ic  (302), which r e s u l t  is i n  general agreement with previous experi- 
ence. Parachute 6 ( f ig .  6) a l so  did not open in  the a i r  stream at  
200 miles per hour. 
t o  parachutes 2, 3, and 4, but the fabric  porosity i n  the region just 
above i ts  hem l i n e  was higher (162 as compared with 96, 137, and 118, 
respectively) The fa i lu re  of parachutes 5 and 6 t o  open i n  the a i r  
stream may be a fur ther  substantiation of the f a c t  that a region of low- 
porosity fabr ic  immediately above the tacked hem l i n e  of a parachute 
has a favorable e f f ec t  on its opening character is t ics .  

Parachute 6 was generally s imilar  in construction 

Effect of fabr ic  weight.- The weight of the fabric  appeared t o  
have l i t t l e  e f f ec t  upon the opening character is t ics  of the parachutes. 

Effect of crown vent .- Parachute 7 differed from the other para- 
chutes tes ted primarily i n  tha t  it had a single-thickness low-porosity 
crown with a high-porosity vent. The parachute opened t o  a pear shape 
a t  200 miles per hour i n  a manner similar t o  parachute 1. A s  the speed 
w a s  lowered, it opened more than a t  high speeds but it s t i l l  did not 
open f u l l y .  Comparison of the construction of parachute 7 ( f ig .  7) 
with tha t  of parachute 1 ( f ig .  1) indicates t h a t  i n  addition t o  d i f fe r -  
ences i n  crown construction, parachute 7 differed from parachute 1 i n  
t h a t  it had lower porosity in the main body of i ts  canopy, had a tacked 
hem l ine ,  and had a luwer r a t i o  of shroud-line length t o  parachute 
diameter. The first two differences should have been beneficial  t o  
opening character is t ics  of parachute 7, whereaB the th i rd  should have 
impaired its opening character is t ics .  Inasmuch as  the quantitatlive 
e f f ec t s  of the aforementioned design differences were not known, an 
evaluation was not possible of the e f f ec t  of the differences Fn the 
crown nor the e f f ec t  of the vent. A comparison of parachute 7 with para- 
chute 2 indicates t h a t ,  i n  addition t o  differences in crown construction, 
parachute 2 had a region of low-porosity fabr ic  immediately above the 
hem l i n e .  
including the addition of the vent, did not tend to  improve opening 
charac te r i s t ics  a s  much as  the in s t a l l a t ion  of the law-porosity,fabric 
immediately above the hem line. 

The r e su l t s  indicate t h a t  a l te ra t ion  of the crown construction, 
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Effect  of D e s i g n  Variables on Parachute Drag Characterist ics 

The drag coeff ic ients  obtained f o r  each parachute tes ted in  the 
Langley 20-foot free-spinning tunnel (at approx. 17 mph) a r e  plotted as  
a function of the porosity of the fabr ic  of the large middle panel of 
the parachute canopy. Included i n  figure 11 f o r  com- 
parison is a curve from a previous investigation showing the var ia t ion 
of parachute drag coeff ic ient  with parachute porosity. 
tests, each hemispherical parachute had its en t i r e  canopy made of 
material  of a given porosity. The t e s t  points f o r  the present investiga- 
t i on  f a l l  along the previously established curve and the results indicate 
that the parachute design variables investigated did not appreciably 
a f f ec t  the drag character is t ics  of the hemispherical parachutes. 

(See f ig .  ll.) 

For the previous 

Drag coefficients obtained f o r  the parachutes i n  the Langley 300 MPH 
7- by 10-foot tunnel (at approx. 200 mph) are a l so  plotted i n  f igure ll. 
A l l  these drag coeff ic ients  a re  appreciably lower than those obtained a t  
low speeds i n  the free-spinning tunnel. 
c ien ts  may have been due in  par t  t o  d is tor t ion  or changes i n  the parachute 
fabr ic  w i t h  the increase i n  airspeed which may have resul ted in  greater  
porosity. 
which indicated t h a t  when a hemispherical parachute was opened a t  low 
speed, the drag coeff ic ients  decreased a s  the speed was increased t o  
200 miles per hour even though the parachute remained fully blossmed. 
In addition t o  fabr ic  dis tor t ion,  the s l i g h t  contraction of the para- 
chutes when opened a t  200 miles per hour (table I) may have been a fac tor  
contributing toward the decrease in drag coeff ic ien ts  . 

The decrease i n  drag coeffi-  

This r e s u l t  is i n  general agreement with previous NACA data 

Effect of Design Variables on Parachute S tab i l i t y  Characterist ics 

The results of the investigations made t o  determine the s t a b i l i t y  
of the parachutes a re  presented as  mentioned previously, in tab le  1. 
Only parachutes 1 (porosity 400j and 5 (porosity 502) were s table  a t  
a l l  airspeeds tested.  The r e su l t s  obtained with these two parachutes 
indicate that the s t a b i l i t y  of a parachute improves a s  the porosity 
increases and that f o r  porosi t ies  over 400 the angle a parachute makes 
w i t h  the a i r  stream approaches zeroa 
w i t h  pr.evious NACA experience. 

These r e su l t s  are i n  agreement 

The e f f ec t  of shroud-line length on the s t a b i l i t y  of a parachute 
has not been specif ical ly  determined during the present investigation 
but previous experience has indicated it t o  be small. 
chutes 2,  3, 4, 6, and 7 were not s table  a t  30 t o  46 miles per hour, it 
appears t h a t  the use of low-porosity fabr ic  near the hem l i n e  impaired the 
s t a b i l i t y  character is t ics  o f  the parachutes somewhat f o r  these speeds. 
A t  200 miles per hour no appreciable adverse e f fec t  of law-porosity fabr ic  
near the hem l ine  was indicated. 
ind.icated f o r  the parachutes a t  200 miles per hour and a t  30 t o  46 miles 
per hour indicated greater s t a b i l i t y  f o r  a given parachute a t  the higher 
airspeed. As previously discussed, possible dis tor t ion i n  the parachute 

Slnce para- 

A general comparison of the s t a b i l i t y  
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fabr ic  a t  high speed may have effect ively increased the porosity. 
possible increase i n  porosity may explain the increase in  s t a b i l i t y .  

This 

A s  shown i n  table  I, parachute 4 was  somewhat less s table  a t  a l l  
airspeeds tes ted than were parachutes 2 and 3. This difference i n  
s t a b i l i t y  may be a r e s u l t  of the appreciably greater weight of the fabric  
i n  parachute 4 as  compared with the fabr ic  used i n  the other two para- 
chutes. This slngle  test r e s u l t  indicates t ha t  fabr ic  weight may be a 
secondary fac tor  contributing t o  parachute s t a b i l i t y  

It should be possible t o  develop a hemispherical o r  other type of 
parachute tha t  w i l l  blossom fu l ly  and quickly and y e t  be stable,  such 
a s  is desirable f o r  spin-recovery parachutes, by application of the 
principles and r e su l t s  discussed herein. These r e su l t s  indicate that 
a s  airspeed i s  increased, the opening and drag character is t ics  of a 
given parachute are affected adversely, whereas the s t a b i l i  ty charac- 
t e r i s t i c s  are  improved. Proposed parachute designs should be checked 
by tes t ing  the fu l l - sca le  parachutes a t  the desired airspeeds before 
being selected f o r  a specif ic  use. 

CONCLUSIONS AND RECOMMEMIATIOW 

On the basis  of the r e su l t s  of investigations of several  hemispheri- 
c a l  parachutes to  study t h e i r  opening character is t ics  and t o  evaluate 
the e f fec ts  of the parachute design variables on the opening, drag, and 
s t a b i l i t y  character is t ics  of the parachutes, the following conclusions 
and recommendations are  made: 

1. Some of the parachutes blossomed f u l l y  i n  the a i r  stream i f  
t h e i r  hem l ines  were tacked. 

2 .  In general, beneficial  e f fec ts  on hemispherical-parachute 
opening character is t ics  were obtained when greater  shroud-line length 
as compared with parachute dismeter was used, when the f loa t ing  hem 
l i n e s  were tacked t o  prevent the hem-line loops from pulling out under 
load, o r  when a s t r i p  of low-porosity fabr ic  was provided around the 
canopy in the area immediately above the hem l ine .  

3. The m g  character is t ics  of the parachutes were not appreciably 
affected by changes i n  shroud-line length, by tacking of hem l ines ,  o r  
by use of a low-porosity-fabric s t r i p  above the hem line. 

4. The s t a b i l i t y  character is t ics  of the parachutes were affected 
somewhat adversely by the use of the low-porosity fabr ic  j u s t  above the 
hem l i n e .  
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5 .  For a given parachute, increased airspeeds generally impaired 
opening character is t ics ,  decreased the drag coefficient,  and improved 
the s t a b i l i t y .  

6. Proposed parachute designs should be checked by testing of full- 
scale parachutes a t  the desired airspeed8 before being selected f o r  a 
specif ic  use. 

Langley Aeronautical Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley A i r  Force Base, Va., February 17, 1949 



NACA TN No.  1869 9 

K 
0 I.1 

5 
a3 

3 
f 

9 
N 

0 I.1 

5 
ad 

N 
% 0 0 f 

0 
B 

N 



10 NACA TN No. 1869 

0 

I? 
4 N  

f 
c! v! 

f 

f 

2 
f 
o! 

m 
2 5 

f 

t- 
f 

mr- 
$2 

,$I 9 

m 
d 

m 
1 

f !n I- 



NACA TN No. 1869 

v) 
W z 
3 



12 NACA TN No. 1869 



NACA TW No. 1869 

. 



14 NACA TN N o .  1869 



NACA TN No.  1869 

I 
u) 
tn 
W 
Z 
Y 
0 
I 

W 
...l 

3 
0 
P 

- 
t 
m 

5 
0 
E 
0 

) 

=4 



16 NACA TN No. 1869 

0 



NACA T N  N o .  1869 17 



! 
co 

k 
E: 



NACA TN No. 1869 

I 

w 
z 
w 
I- 
X 
W 

a 
0 
0 
-I 

n 
n 

n 





NACA TN No. 1869 21 





NACA TN No. 18@ 1 Preceding page b lan~  
23 

0 
0 
rl 

0 
0 





NACA TN No. 1869 25 

(a) Parachute 1, Tunnel airspeed, (b) Parachute 2. Tunnel airspeed, 
208 miles per hour. 200 miles per hour. 

Figure 12.- Film s t r i p s  showing the  opening of parachutes 1 and 2 i n  the 
Langley 300 MPH 7- by 10-foot tunnel. 
speed of' 64 Frames per second. 

Pictures were made at  camera 
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Figure 
hem 
200 
per 

27 

13.- Film s t r i p s  showing the opening of parachute 2 with tacked 
line in the  Langley 300 MPH 7- by 10-foot turnel. 
miles per hour. 
second. 

Tunnel airspeed, 
Picturee were made a t  c w r a  apeed of 64 frames 


